Introduction
An accelerator complex is planned at INS, University of Tokyo, which is named NUMATRON1,2) and should provide heavy ions up to uranium in an energy range of 0.1 % 1.3 GeV per nucleon.
The principal aim of the project is to open up new fields of nuclear physics. Looking back to the history of the entire developments and evolutional trends of nuclear physics, a future perspective in nuclear physics naturally opens before us. 3) Important developments will come out from the study of the extraordinary states of nuclear matter, which are expected to be realized inside stars. Various nobel features of nuclear matter will be disclosed in the laboratory by the use of the high-energy heavy-ion beam. In the past, we have engaged mainly in the study of nuclear matter at low temperatures and at low densities.
While, the heavy-ion beams of high-energy will allow us to investigate the properties of nuclear matter at high temperatures and at high densities. The investigations in this direction have been already initiated by the Bevalac project at the Lawrence Berkeley Laboratory. Lhe NUI4ATRON project has also been planned to extend nuclear physics in these evolutional trends with the use of heavier ions.
On the other hand, researches and applications in many other fields are also being considered. The applications of relatively light heavy-ions for radiation biology, radiation therapy and diagnostic radiology have been discussed intensively and a demand for a high-energy heavy-ion accelerator dedicated to such medical uses is growing up in our country. High peak intensity beams of heavy ion such as uranium have a possibility to give a pellet containing D-T mixture a peak energy sufficient for triggering the inertial fusion. The NUMATRON project will give new facilities not only for nuclear physics but also for many other sciences and applications.
In the following sections, the outline of the accelerator complex is described as well as major subsystems.
General Description
The proposed accelerator consists of Cockcroft-Walton generators, three Wideroe linacs, two Alvarez linacs and two synchrotrons (Fig.l) Table 2 . vacuum chamber and baking Admittance (mm mrad) elements. The pole width and gap height of magnets in the second ring are determined as 110 mm and 55 mm, respectively, whereas at the first ring, the horizontal aperture is designed considering spaces necessary for the multiturn injected and RF stacked beams. The pole width and gap are determined as 200 mm and 70 mm, respectively.
4-2. RF System
The RF systems in the rings have two functions, one of which is for RF stacking and the other is to accelerate the beam to the extraction energy. The former is fully described in other reports8) and only the latter is presented in this paper.
Sweep range of RF frequency in the first ring is 1.88 X 6.58 MIz and in the second ring it is 6.58 % 9.89 MHz. At the present design the magnetic fields of two synchrotrons vary linearly with time, B = 65.5 kG/s, and then the required RF peak voltage is around 22 kV for the synchronous phase angle of 30°. On the other hand, the energy spread of the accumulated beam in the first ring is 425 keV for the stacked number of 100, and the required peak RF voltage is determined so that the separatrix well cover the energy spread of the beam, namely 140 kV.
The total accelerating voltage is supplied by four cavities at the two long straight sections. Each cavity is composed of two X/4 coaxial resonators with 50 cm in diameter and 100 cm long. The cavity is ferrite loaded in order to change the resonant frequency, where the ferrites are saturated with 4 turn windings of the bias current of 0 to 750 A. The average flux density in the ferrite is 120 G at the maximum accelerating voltage of 35 kV/gap. The total ferrite loss in a cavity is 40 kW, and the shunt impedance of the cavity is 10 kQ.
4-3. Vacuum
The required pressure for the synchrotron should be lower than 10-1o torr due to the charge exchange reactions between ions and residual gas molecules assuming a cross section of the reactions as 2 x 10-17 Eight turbo-molecular pumps are used for roughing down the chambers and for pumping during the bakeout. The chambers are pumped down by 64 sputter-ion pumps, and also 64 titanium-getter pumps are used as the auxiliary pumps at high vacuum region.
4-4. Ejection
At the present proposal, one fast ejection channel and two slow ejection channels are provided to answer the various needs for high energy heavy ion beams. Even at the final stage of the acceleration, the beam size is rather large and it is important that the ejection system is safe for the beam blow up. From this point of view, we adopt the third integer resonance, although in this extraction mode, the arrangements of non-linear magnets will largely affect the emittance, spill time and the size of stable region. Third integer resonance is excited by a sextupole magnet after the radial v-value is tuned to 6.30 and the closed orbit at this moment is distorted so that the beam clears the resonance orbit.
The growth rate of the amplitude is found to be 0.71 cm per turn at the position of the first septum. When the septum with the thickness of 1 mm is used, the ejection efficiency in this process is expected to be 86 %. The emittance of the ejected beam is estimated at 2.3 71 mm'mrad.
The test accumulation ring for the NUMATRON project, TARN, is now under construction at INS for the preparatory study of the project. Details of the TARN are presented at this conference. The construction of NU1ATRON is expected to start in a few years.
